In Brazil, syphilis is still a great problem of public health. Serological test is essential for syphilis diagnosis and the current trend is the use of recombinant antigen in the treponemal tests, due to its confirmed higher sensibility and specificity. The purpose of the present study was to analyze the profile of anti-Tp47 antibodies in patients with positive serology for syphilis. One hundred positive sera samples were analyzed by Western Blot (WB) technique, using the recombinant antigen (rTp47). Ten of them did not present antibodies against the fraction rTp47, the results were confirmed by WB using native T. pallidum antigen. All ten samples had antibodies against the fractions Tp17 and Tp15 and presented low reactivity in VDRL, negative results or title below than 1:4. Considering that VDRL is used for therapeutic monitoring due to seroreversion of nontreponemal antibodies in response to the treatment, and that some studies reported loss of treponemal antibodies after treatment, we could speculate if these ten samples are cases of serological memory from patients previously treated for syphilis. In addition, although several features state the Tp47 fraction as one of the major antigenic components, based on our results we point out to the importance of including other antigenic proteins such as Tp17 and Tp15 in addition to Tp47 in tests for serological screening of syphilis.
Syphilis is one of the most prevalent sexually transmitted disease; it is caused by the spirochete Treponema pallidum subsp. pallidum. Although effective therapy has been available for more than four decades, the disease continues to be a global public health problem. The World Health Organization estimates that there are approximately 12 million new cases of syphilis in adults worldwide [1] . In Brazil, the prevalence of syphilis was 0.874% in a study conduced in 2002 with male population group with age between 19 and 21. In another study with pregnants aging between 15 and 49, the prevalence of active syphilis was 1.6%. At present, there is a great governmental effort for eradication of vertical transmission of syphilis in Brazil [2] .
The infection is transmitted through sexual contact or vertically during pregnancy with various manifestations that change according to the duration of illness. Clinically, syphilis is classified into several stages that follow each one temporally in untreated patients (primary, secondary, latent and tertiary). These stages have implications regarding diagnosis and treatment of syphilis [3] .
Laboratorial diagnosis of syphilis is crucial to the epidemiological and diagnostic evaluation of the disease. The detection of the etiologic agent is cumbersome, because the direct detection of this spirochete is applicable only in skin lesion (primary and secondary stages), and the sensibility is low. Furthermore, the T. pallidum can not be cultivated in vitro and molecular techniques are not available for routine use. Therefore, the laboratorial diagnosis is performed mainly by serological tests, which are divided into nontreponemal and treponemal tests. The nontreponemal tests include the Venereal Disease Research Laboratory (VDRL) which is useful for screening and to evaluate the response to treatments. Treponemal tests are used to confirm the diagnosis and include hemagglutination assay (TPHA), fluorescent treponemal antibody absorption (FTA-ABS) and enzyme-linked immunosorbent assay (ELISA) and detect specific antitreponemal antibodies.
Formerly, several ELISA based on whole cell lysate were developed and they presented sensibility of 93.3% to 100% and specificity of 95.5% to 99.8% [4] [5] [6] [7] . In recent years, as well as in other diseases, the trend is to use the recombinant antigens, mainly the fractions of 47kDa, 17KDa and 15kDa. These three antigens are membrane-integrated proteins. The Tp47 is the most abundant and highly immunogenic [8] [9] [10] , while the 15 and 17 kDa are present in lower amount, although they both are strongly immunogenic [11, 12] . Recombinant antigen-based ELISA, using these fractions, showed diagnostic performance similar or superior to the classic treponemal tests; many of them are commercially available [13] [14] [15] [16] [17] [18] .
The Tp47 fraction is one of the major antigenic components due to several features: i) it is a reliable immunological marker for human syphilis infections [19] [20] [21] ; ii) it triggers an early humoral response, three to six days after infection, as observed in a study of ontogeny of humoral immunity in experimental syphilis [22] ; iii) anti-Tp47 antibodies are present in all stages of non-treated syphilis [23] ; iv) the Tp47 antigen had been reported as a potential marker for active syphilis disease, as anti-Tp47 IgM had been detected in patients with congenital syphilis, by WB assay [21] ; v) the decrease of anti-Tp47 in response to treatment allowed the suggestion of this fraction as a candidate for therapeutic marker [24] .
The present study aimed to analyze the reactivity profile of anti-Tp47 in serum samples from patients with laboratorial diagnosis of syphilis.
Material and Methods

Sera Samples
A total of 200 sera samples previously tested by VDRL and TPHA or FTA-ABS were obtained from the Laboratory of Serology at Adolfo Lutz Institute: 100 samples with negative and 100 with positive results for serological tests, all of the latter with positive treponemal tests and 84 with positive results for VDRL.
Antigens
Recombinant rTp47, the recombinant antigen rTp47 produced in fusing with GST and purified by affinity chromatography was used [25] ; native antigen of T. pallidum, soluble antigen of T. pallidum, Nichols strain, prepared by extraction with detergent Zwittergent® with protein concentration of 0.57 mg/mL, kindly provided by Wama Diagnostica.
ELISA-rTp47
An rTp47-based ELISA was used for initial screening. Eight-well strip plates (High Binding 1, Costar 2592) were coated overnight at 4 o C with 100 µL of rTp47 (49 ng/well) in phosphate buffered saline (PBS), pH 7.2, 0.15 M. Plates were washed three times with NaCl 0.15M, 0.05% Tween 20, five minutes each. Human sera were diluted to 1:21 in sample buffer (PBS pH 7.2, 0.15M, 2.5% sodium caseinate) and 100 µL was added to the well and incubated for 1 h at 37 o C. After washing, 100 µL of a 1:5000 diluted goat anti-human IgG alkaline phosphatase (Genelabs) were applied and incubated at 37 o C for 1 h. Plates were developed for 20 min at 37 o C with 100 µL of p-nitrophenyl phosphate (pNPP) per well, and the absorbance at 405 nm was measured. A weakly reactive control serum was added in triplicate on each plate and its absorbance value was defined as the cut-off, which was equivalent to the mean plus three times the standard deviation of the absorbance of the negative control serum.
Western Blot (WB), WB-rTp47 and WB-Tp Native It was made a sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) with recombinant antigen and other with native antigen. The gel was electrophoresed using a discontinuous buffer system [26] in a minigel system, at 100 volts constant power. Low molecular weight standards and prestained low molecular weight markers (Bio-Rad Laboratories, Richmond, Calif., USA) were run with each gel to determine efficacy of electrophoretic transfer. The separated proteins were blotted onto nitrocellulose sheets (0.2µm) (Sigma) in a Semi-Dry Transfer Unit (Bio-Rad Laboratories, Richmond, Calif., USA), at 100 volts constant power for 60 minutes [27] . Following transfer, the membrane was blocked in a 5% solution of powdered nonfat milk in Tris-saline for one hour, rinsed three times in Tris-saline and cut into 5 mm strips. The strips were used immediately or allowed to dry and stored at 4ºC.
All the following stages were performed at room temperature with rocking. Strips for immunoblotting were placed in individual troughs in blotting trays and incubated overnight with sera at dilution of 1:100 in 5% solution of powdered nonfat milk in Tris-saline/Tween 20. The strips were washed three times with Tris-saline/Tw (five minutes each) and incubated for 30 minutes in horseradish peroxidaseconjugated goat anti-human IgG at dilution of 1:1000 (Genelabs, Geneva, Switzerland). The strips were washed as described previously and developed with a 4-chloro-1-naphthol peroxidase substrate system for eight minutes. The reaction was blocked with distilled water. The strips had been left for ten minutes at 37ºC for drying and kept under the cover of the light for analysis of the results.
Serological Tests for Syphilis
VDRL (Wiener, Rosario, Argentine); TPHA (Wama Diagnóstica, São Carlos, SP, Brazil); FTA-ABS (Wama Diagnóstica, São Carlos, SP, Brazil); ELISA (ICE Syphilis, Abbott-Murex, United Kingdom). The assays had been carried through in accordance with the respective procedures techniques recommended by the manufacturer.
Results
ELISA-rTp47
In the preliminary analysis of 200 serum samples by ELISArTp47, which had an agreement with other treponemal tests (FTA-ABS and TPHA) of 92%, presenting the co-positivity and co-negativity, respectively of 85.5% and 98%. Two samples with false-positive results in ELISA-rTp47 presented low reactivity; the cut-off indexes were 1.08 and 1.29. Fourteen samples had false-negative results in ELISA-rTp47; however four showed reactivity against Tp47 fraction in WB.
Western Blots
A total of 102 samples were analyzed by WB-rTp47; two samples with false-positive results in ELISA-rTp47 were negative in WB-rTp47 and 90% of 100 positive samples showed reactivity against Tp47 fraction. Ten sera with negative WBrTp47 were further tested by WB using native antigen of T. pallidum and no antibodies against Tp47 antigen, but they presented strong reactivity with Tp17/15 protein. The WB reactivity profile is presented in Figure 1 , recombinant antigen (1A) and native antigen (1B). The position of Tp47, Tp17 and Tp15 in the WB native Tp was previously verified in reaction performed with affinity purified monospecific antibodies. In this assay, the proteins Tp17 and Tp15 were overlap in the same position.
Other Serological Tests for Syphilis
The results of serological tests (WB-rTp47, WB-Tp native, ELISA, FTA-ABS, TPHA and VDRL) performed with these ten samples are presented in Table 1 . When submitted to ELISA (ICE Syphilis, Abbott-Murex, United Kingdom), three of them (samples 2, 3 and 8) showed reactivity around 20% of cut-off value and seven samples presented strong positive reaction with cut-off index ratio varying between 2.07 and 10.87. The higher level reaction observed should be due to antibodies against rTp17 and rTp15, as this ELISA is based in three recombinants antigens rTp47, rTp17 and rTp15.
Comparison of WB r-Tp47 and VDRL Reactivity in Serum Specimen The VDRL results in these 100 samples showed the following distribution: VDRL was non reactive in 16%, while 7% had positivity at dilution 1:1, the most of them (60%) was positive in dilution ranged from 1:2 to 1:16, and 11% presented positive reaction from 1:32 to 1:256. Curiously, all samples without detectable antibodies against rTp47 antigen showed low reactivity in VDRL, with title below 1:4 and in 40% VDRL was negative (Figure 2) . Table 1 . Results of ten samples without antibodies against the Tp47 antigen and of the positive (CP) and negative (CN) controls, in the tests of WB-rTp47, WB-rTp native, ELISA Murex, FTA-ABS, TPHA and VDRL Figure 1 . Profile of reactivity in the WB with recombinant antigen rTp47 (left) and native antigen (right), reaction carried through with the 1/100 diluted serum and revelation using the system alkaline phosphates and BCIP/NBT. Positive (1) and negative (2) controls; and clinical samples (3-6).
Anti 
Discussion
The object of the present study was to analyze anti-rTp47 antibodies profile in patients with positive results in serological tests for syphilis. The results were unexpected, where the antibodies against fraction rTp47 were not detected in 10% of positive samples. These sera showed reaction against other fraction of T.pallidum, mainly Tp17 and Tp15 as observed in WB performed with native antigen of T. pallidum and in ELISA (ICE Syphilis, Abbott-Murex), which is based on three recombinant antigen (47, 17 and 15 kDa).
There is no established correlation between VDRL and treponemal test. Usually, VDRL title declines in response to treatment while anti-treponemal antibodies persist as serological memories for longer period of time. So, nontreponemal test is used for follow-up of syphilis treatment, however seroreversion depends on the stage of disease, the reactive antibodies level before the start of treatment as well as the dosage of antibiotic used. It has been reported that seroreversion is more rapid after therapy if the duration of infection or clinical lesions is short and the initial nontreponemal titer is low. In patients with previous syphilis who became re-infected or in patients with late syphilis, the serological response is often slower [28, 29] .
A few studies are reported concerning treponemal antibodies profiles in serological response to treatment of syphilis. One study was carried out by Romanowski et al.; they observed that treponemal antibodies level also decreases in response to treatment. There was a positive correlation between the treatment introduction and the duration of treponemal antibodies memories, with early decrease of treponemal antibodies in prime-infection rather than in re-infection [30] . Other studies were performed by Western Blot technique, which provides analyses of reactivity against each specific antigenic fraction. Kim et al. observed a significant loss of anti-Tp47 after treatment of primary syphilis, with complete seroreversion in 11 months [24] . George group studied 124 persons with clinically diagnosed syphilis by using densitometric quantization and spreadsheet normalization to refine the parameters defining treponemal WB for syphilis. The reactivity against Tp47 was 100% before treatment, while 28% had lost anti-Tp47 over 12 months after treatment [31] .
In the present study, 16% of positive samples had negative results for VDRL suggesting a serorevertion in response to treatment. However, the precise interpretation was limited, since no clinical or epidemiological data was available for these samples. Our results showed that 10% of positive samples had undetectable anti-Tp47. Furthermore, all ten sera had low title VDRL (< 1:4) including four samples with negative results for VDRL.
Considering all together we could speculate if these ten samples are a serofast reaction from patients precociously treated. In order to clear this hypothesis more detailed, studies should be carried out including samples of treatment followup from patients with complete clinical information.
Finally, although several features state the Tp47 fraction as one of the major antigenic components, based on these results we point out to the importance of including other antigenic proteins such as Tp17 and Tp15 in addition to Tp47 in tests for serological screening of syphilis. 
